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Abstract. The purpose of this study is to investigate the cortical areas involved
in comprehending Korean regular and irregular verb Eojeols. Eojeols is the spe-
cific spacing unit of a sentence which is bigger than a word but smaller than
phrase. This study showed that there is a distinction between the process and
representation of regularly and irregularly inflected verbs in Korean using
neuroimaging and hehavioral method.

1 Introduction

There have been several hypotheses on the process and representation of the morpho-
logical information stored in the lexicon. The decomposition hypothesis insists that
inflected and derivate words are stored separately in the lexicon as in the form of stem
and its counterpart[1,2]. On the other hand, the full-list hypothesis asserts that the
modified word forms are stored as a whole rather than as a part[3-5]. Considering the
two hypotheses, hybrid hypotheses suggest that the process of polymorphemic words
could vary depending on its frequency, regularity or transparency[6-8].

Dealing with regularity of inflection, the main issue lies whether the process and
representation of a regularly inflected verb differs from a irregularly inflected verb[8-
12]. One side of the so called ‘English past tense debate’ claims that regularly in-
flected verbs are processed by rules while irregularly inflected verbs are stored as a
full form in the associative memory. On the other side of the debate insists that both
kinds of the inflected words are processed as a full form.

However applying the aforementioned debate to Korean, which is another language
group, should be carefully carried out with the knowledge of Korean morphemes. In
Korean there is a spacing unit of a sentence called ‘Eojeol’ which is bigger than a
word but smaller than a phrase. The Eojeol usually consists of content morphemes
and grammatical morphemes. So, morphemes not only represent semantic information
but also represent syntactic information. For example, ‘™ T} [meok-da] (the root
form of the word ‘eat’) could be inflected by changing the ending morpheme *-T}’
[da] into °-31’ [go](an ending morpheme containing the meaning of ‘and’), which
would be ‘™ 31’ [meok-go]. And by inserting a past tense morpheme ‘-$1-’ [-eot-] in
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the middle of ‘¥ 31’ [meok-go] makes ‘¥ %131’ [meok-eot-go] which refers ‘ate +
and’. Moreover, a same root form verb could be varied regularly and irregularly de-
pending on the morpheme which comes after the stem. For example, ‘3 T} [it-da]
(the root form of the word ‘connect’) could be inflected regularly when a ending mor-
pheme ‘-1’ [go] is attached while attaching *-©1 [eo] at the end, the spelling should
be ‘©] 9]’ [i-eo] instead of ‘3! ©]’ [it-eo]. Transformating the ending of an irregularly
inflected verb is based on the facility of pronunciation. Therefore, the irregular trans-
formation of ‘31-> + ‘-©]” to ‘0] ©]" is based on the restrictions of the Korean phono-
logical system.

The current study suggests that there is a distinction between the process and rep-
resentation of regularly and irregularly inflected verbs in Korean. However the differ-
ence lies differently from the Indo-European languages. Both human behavioral (reac-
tion time) and brain imaging (fMRI) paradigms were used to investigate the
hypothesis.

2 Experiment I

As a frequency of a word affects reaction time, it could be inferred that if Korean
regular verb Eojeols are represented in a full word form, the frequency of the full
word form will affect the reaction time during the lexical decision task. However, if
Korean regular verb Eojeols are represented in a morpheme-based decomposition
form, the usage frequency of each morpheme (stem) will be more influential than the
frequency of the full word form and vice versa for the irregular verb Eojeols.

In Experiment I lexical decision task (LDT) was used to investigate the above hy-
pothesis. Because of a lack of proper Korean corpus, word frequency was substituted
by subjective word familiarity ratings which have been verified by former studies as a
more accurate measure[13,14].

2.1 Method

Subject. Seventy six undergraduates at Korea University, all native speakers of Ko-
rean with normal vision, participated in the experiment with a compensation for extra
credit.

Materials. A set of 20 Korean verbs which could be inflected both regularly and ir-
regularly, 30 filler words which were not in the form of verb Eojeols, and 50 non-
words served as stimuli, all with two syllables. The materials were divided into two
subsets randomly and each subset was composed of 10 regular verb Eojeols, 10 ir-
regular verb Eojeols, 30 filler words, and 50 non-words. The filler words and non-
words in each subset were identical.

Additionally, 96 Korea University undergraduates who did not participated in Ex-
periment I rated the subjective familiarity of word. They were instructed to rate the
subjective familiarity of verb morphemes (stems) and verb Eojeols with a 7-point
scale (1:very unfamiliar, 7:very familiar). The mean scaling value of 20 Korean verbs
were used as the frequency index of the item.
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Procedure. The subjects were tested individually. Prime and target stimuli was pre-
sented with SuperLab in the center of monitor of a personal computer (Intel Pentium
4, CPU 2.80GHz) with a 75Hz refresh rate. Each trial consisted of the following
sequence presented on the same monitor location. First, a fixation point(***) was
presented for 1000 milliseconds. This was immediately replaced by the auditory pre-
sented prime, and the target was presented visually, after the presentation of prime
context. The prime which composed of two or three Eojeol context presented audi-
tory by headphones. This procedure was to prevent ambiguousness of the target
words, which was found in former pilot experiments. The subjects were to decide
whether the presented letter string was a word or not by pressing a key on the key-
board. The subjects were asked to judge as fast and accurately as possible, when the
target word presented. The key press for the response was counter-balanced across
subjects. Each subset for material words was presented at random across subjects.

2.2 Results

Only correct reactions from the regularly and irregularly inflected verb conditions
were analyzed. The mean of response time in regularly inflected condition showed
the longer pattern rather than the response time in irregularly inflected condition
(regularly = 580.31(56.52), irregularly = 564.53(46.52)), but did not have statistical
significance (¢ 35 = 0.964, p = 0.341). For the regularly inflected Eojeols, partial cor-
relation between the median of the reaction time and the word familiarity of the stem
form (where the familiarity of the Eojeol was fixed) was marginally significant (r ;7
=-.300, p = .212), while the familiarity of the full Eojeol form (where the familiarity
of the stem was fixed) was not (r (;7) = .166, p = .497). On the other hand, for the ir-
regularly inflected Eojeols, partial correlation between the median of the reaction time
and familiarity of the full word form (where the familiarity of the stem was fixed) was
marginally significant (r ;7 =- .321, p = .180] whereas, the familiarity of the stem
form (where the familiarity of the full word was fixed) was not (r (;7) = .164, p =
.502). Analysis using partial correlation methods did not show significance statisti-
cally due to multicollinearity between the independent variables.

However, the regression analysis with stepwise procedures demonstrated that the
response time in regularly inflected condition was statistically significant, only when
the familiarity of the stem (F; ;5) = 19.22, p < .001) was entered in the model. On the
other hand, the response time in irregularly inflected condition was statistically sig-
nificant, only when the familiarity of the full word form (£, ;5) = 11.55, p < .005) was
entered in the regression model.

The results indicate that the word familiarity of the irregular full verb Eojeol is
more influential than the word familiarity of the verb stem on recognizing Korean ir-
regular verb Eojeols, while the word familiarity of the regular verb stem is more in-
fluential than the word familiarity of the regular full verb Eojeol on recognizing Ko-
rean regular verbs. In conclusion, it can be asserted that irregularly inflected Eojeols
are represented in the full-list form and the regularly inflected Eojeols are represented
in the decomposition form. But, the results of Experiment I could not distinguish the
memory-based processing from the rule-based processing in regularly inflected verbs.
Experiment II was performed to investigate this problem.
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3 Experiment II

In experiment II brain imaging methods were used to show, despite of the formal dif-
ference between regularly inflected verbs and irregularly inflected verbs, rules are not
involved in regularly inflected verbs as the previous studies, during comprehending
Korean regular verb Eojeols. We hypothesized that the transformation of a verb regu-
larly is merely based on meaning using associative memory rather than using rules.

3.1 Methods

Subject. Ten undergraduates (five male, five female) in Korea University, who did
not participate in Experiment I, volunteered in the experiment. All subjects were na-
tive speakers of Korean, strongly right-handed with normal vision and had no history
of neurological or psychiatric disorders.

Materials and Procedure. The stimulus was presented in 10 activation blocks of 30s
alternation with 12 baseline blocks of 30s, and divided to two sessions. Each activa-
tion block contained 7 Korean verbs and 3 non-words used in Experiment I at random
order. In each activation block, words were regularly or irregularly inflected verbs,
and the instruction to the task was same in Experiment I. In each control block, three-
character strings are the combination of the “#”,”$”, and “%” presented, and partici-
pants asked to decided whether there is a specific character, which was told before the
session in a three-character string. One trial took three seconds and one string was
presented for one second during a trial. Subjects had to respond “yes' or “no' using a
button and practice trials were performed before the main experiment. Two session
and response hand was counterbalanced across the participants.

Data Acquisition and Analysis. Echo-planer imaging data was collected on a 1.5-
Tesla GE medical system scanner with TR = 3000 msec, TE = 60 msec, 64 x 64 Ma-

trix, FOV 24 x 24cm, flip angle 90 degrees, twenty 3.75-mm-thick no gap contigu-
ous axially. Two 114 phases scan (342 seconds including 12 seconds of dummy
phases, excluded during the analysis procedure) were collected from each subject.

Image analysis was conducted using SPM2 (Wellcome Department of Cognitive
Neurology, UK), which allows for realignment, corregistration, normalization and
smoothing in sequence. Analysis was carried out using a general linear model with a
boxcar waveform, convolved with the hemodynamic response function. A mean con-
trast image was produced by the comparison experimental conditions to the control
condition, per subject. For the group analyses, statistical inference was based on ran-
dom Gaussian fields and a random effect model for p-value correction was applied.
Activation areas in the experiment have a statistical threshold of p < 0.001 and mini-
mal 20 voxels adjusted for search volume.

3.2 Results

Results, in which both conditions were subtracted by the control condition, are shown
in Fig. 1, Fig. 2 and Table 1. In the regular verb condition, significant activations in
the left hemisphere were observed on the precentral gyrus(BA4), paracentral lob-
ule(BAS), medial frontal gyrus(BA6), inferior occipital gyrus(BA18), postcentral
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gyrus(BA3), transverse temporal gyrus(BA42), superior temporal gyrus(BA42), and
the middle temporal gyrus(BA21), while significant activations in the right hemi-
sphere were observed on the insula(BA13), medial frontal gyrus(BA6), parahippo-
campal gyrus(BA35), lingual gyrus(BA18) and the postcentral gyrus(BAS). On the
other hand, significant activations from the left hemisphere in the irregular verb con-
dition were founded in the middle temporal gyrus(BA22), postcentral gyrus(BAS),
and the insula(BA13) while, significant activations in the right cerebral hemisphere
were observed on the inferior frontal gyrus(BA47), insula(BA13), middle frontal
gyrus(BA11), sub-gyralthippocampus), superior temporal gyrus(BA22), sub-
gyral(BA20), and the middle temporal gyrus(BA39, BA21).

The results show that the activation patterns of both conditions are different, and
these patterns are not like those from former studies with English and German. Stud-
ies dealing with the past tense debate in English or German showed that regularly in-
flected verbs are related with the left inferior frontal lobe whereas irregularly inflected
verbs are related with the temporal lobe[8]. However, the present study shows that
regularly inflected verbs are not related with the left inferior frontal lobe. Both regu-
larly and irregularly inflected verbs are related with the temporal lobe along with
areas like the postcentral gyrus, precentral gyrus and the insula which reveal the pho-
nological characteristic of Korean language itself[15-17]. The temporal lobe including
the abut parahippocampal area is well known for its relation with memory[18,19].
The precentral regions and the middle frontral gyri are known for retrieving words
that denote action (i.e., verbs) in both fMRI and lesion studies[20].

4 General Discussions

In sum, behavioral experiments show that the frequency of the stem is more influen-
tial than that of the full word form in recognizing regular verb Eojeols, whereas the

Fig. 1. Regular verb condition > control condition in 10 subjects (threshold at p < 0.001 over 20
voxel sizes)

Fig. 2. Irregular verb condition > control condition in 10 subjects (threshold at p < 0.001 over
20 volxel sizes)
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Table 1. Regional brain activity

Brain region BA Side Voxels 2~ Talairach coordi-
score nates
Regular >
Control Precentral Gyrus BA 4 L 23 341 -38  -14 44
Paracentral Lobule BAS L 79 3.58 -12 34 52
Medial Frontal
Gyrus BAG6 L 89 4.6 -8 -14 54
Inferior Occipital
Gyrus BA 18 L 24 4.05 40 90 -4
Postcentral Gyrus BA3 L 112 3.86 -40 28 60
Transverse Tem-
poral BA 42 L 23 3.68 -58  -16 12
Superior Temporal
Gyrus BA 42 L 31 3.98 -64  -30 8
Middle Temporal
Gyrus BA 21 L 35 35 58 -2 -10
Insula BA 13 R 61 3.79 44 -4 2
Medial Frontal
Gyrus BA 6 R 113 3.84 8 -24 58
Parahippocampal
Gyrus BA 35 R 30 3.85 18 32 -8
Lingual Gyrus BA 18 R 49 3.52 14 78 4
Irregular > Middle Temporal
Control Gyru BA 22 L 91 3.78 56 32 2
Postcentral Gyrus BAS L 24 3.46 -14 42 64
Insula BA 13 L 308 482 -38 -14 14
Inferior Frontal
Gyrus BA 47 R 27 3.45 44 26 O
Insula BA 13 R 31 4.03 42 20 O
Middle Frontal
Gyrus BA 11 R 20 3.53 22 26 -14
Insula BA 13 R 40 4.37 44 2 4
Insula BA 13 R 97 4.63 40 -8 22
Sub-Gyral Hippocampus R 24 3.74 36 -30 -6
Superior Temporal
Gyrus BA 22 R 24 3.6 68 -36 20
Sub-Gyral BA 20 R 29 3.56 38 -10 -20
Middle Temporal
Gyrus BA 39 R 47 3.68 58 -60 8
Middle Temporal - -
Gyrus BA 21 R 134 3.97 58 28 6

All areas were significant to p < 0.001, uncorrected. L: left, R: right. Coordinates are given for
the steretactic space of Talairach & Tournoux (1998)[24].

frequency of the full word is more influential in recognizing irregular verb Eojeols.
The results indicate that regularly inflected verb Eojeols are represented respectively
in the form of the stem and the ending, while irregularly transformed verb Eojeols are
represented as a full word form. Alternatively, it might also be assume that morpho-
logical rules are needed to comprehend Korean regular verb Eojeols. However, fMRI
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results of both conditions show that the activated regions are mostly on the temporal
lobe which is related with human memory and not with rules[20,21]. The activation
patterns are not apparently consistent with the results from English and German mate-
rials: regular verbs activating the inferior frontal lobe while irregular verbs activating
the temporal lobe.

Scrutinizing the two experiments, it could be inferred that comprehending Korean
inflected verb Eojeols are processed differently regarding the regularity of inflection.
However, regularly and irregularly inflected verbs are both based on meaning rather
than rules. Korean is defined as an agglutinative language while Indo-European lan-
guages like English or German are defined as an inflected language. An agglutinative
language has richer morphemes and complex morpheme formation rules. Thus, the
Korean language may use the meaning based inflection system because it would be
more efficient to find a fitting morpheme using a semantically ordered index rather
than rules on the inflecting process.

Moreover, many studies with LDT task show that the left fusiform gyrus is associ-
ated with the word form processing, and BA 44, BA 45 is involved in grapheme-to-
phoneme conversion and explicit lexical search, respectively[22,23]. However, the
present study, where no activations at the above mentioned areas, suggests that the
grapheme-to-phoneme conversion and explicit lexical search do not strongly occur in
Korean LDT. The suggestion could be supported by the fact that results from Experi-
ment II showed activations on areas related with phonological information and mean-
ing. As mentioned at the beginning, Korean regularly inflected verbs are made by
attaching an ending which varies by its meaning and irregularly inflected verbs are
made by attaching an ending as regularly inflected verbs but slightly transformed
based on phonological features. Thus the inflected of Korean verb Eojeols could be
strongly based on meaning which decides the ending form and the phonological in-
formation which decides whether the word will be transformed or not.
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